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FFFER O3 (3£30) : Through DIx3-4 gene enhancer analysis, we found that (1) the core
element of brachial arch enhancer 137-2 was conserved between mice and platypus, and
branchial arch activity was acquired in placental mammal lineage. (2) I137-1 that shows
limbs and hair follicles enhancer activities is quite ancient, conserved even in amphioxus.
The core motif plays an important role in D1x3 gene co-option in development of limbs and
hair follicles.

AR TERA
(BHHAL 2 1)
[ERESEEN [ 2T & &t

2010 4F 1, 500, 000 450, 000 1, 950, 000
2011 1, 400, 000 420, 000 1, 820, 000
2012 FF 700, 000 210, 000 910, 000

G

I
& 3,600, 000 1, 080, 000 4, 680, 000

W - A
B OS5 - B © AWEF - EbAEYT
F—U—F:@EarEl, YAz LA L

cis-element OREFEENLE ZF ) AL ~YLT
Doy AL Z OF - CREMICFENT L 7261013 72

1. WFZERaE S0 5
[l —ORAEME BRI ELRE TO

LW EZ ST 52 & T, BEfFOMEE
WA CHikREL BRI 2L (BlaT0
co-option) 23, HFHEENMMDORT ¢ 7T i
BIZBWCTEERAT v I THDHZ LNk
BENTW5b, Efsf? cooption % F[HE
(2T D72 DITITHH D ciselement 23
INDHZERETRETHLN, FHEHY
D & {5 1 D co-option Ak IZ B W\ T

<, FDOEIRMERRD LTz,
TEOFMEE 7 ) AP LS, &
LT ORBIIART 4 77 DEMES L13d
F V%R —E (2GRI%E) THHZ L
NS KM ORT 1+ 77 o OHALITIE,
B OB LD e L ABEGFOEES
AR R R T A2 AT B A TV el 2
& GEE D co-option) D HIZ XV EHEXR



BRNDODZEDTRBRIN TS, EBEIC
Dlx BT &1L L ET D toolkit Eis T
& BRI D 3 A FIEEAR 7132 < OEWIC
HAB IR STV T, el o O EE IS
M2 ZENZENOBEA OF L EERE % 1
HBLTWAZ ENDLo TS, LML
5 FHEEM TORAEFH toolkit HEim T
® co-option WFFEIZ K E 72 WVBR T3
SHEITEIL (cis-element) DOEHE & HEfbico
WCIE, I HAH 22 R D> 5 3% < A58 S
NTHWRVWONREETH- T,

2. WMEOBEM

Dix3 #Efs 113 d & b &S Rk E
K Th o=, FHEEW OELOHIHIZ
PHE R AES LEBRICREAZES L, &5
I FLEAE~ DHEABIZER L TR R & IR F
BaEST 570, BIa D cooption fiff
TIZEKBEDET VAR THD, Z ONFSEEHE
TIX DIx8 EInF D cis-element DOHERER -
HEALBORRITIZ X 0 | co-option DIEIRAY - #E
{ERIA D= AL EMRATHZ 2B ET
Do

DIx3 B FIZ 2D k5> EREFOD
co-option (L% FIEEIZ L 7= s - 73 11
AT = A LB T DD EERET VR
Td 5, DIx3 OFHEEN S TOFREBLGT
IR BE R C ., AR - FERAR B RRRRR D
E A RET D EEREREEZRi> Tz,
DIx3 LM AL CIIHrarftEasE COHREL
HEER L TS, RFEM e DIx3 RHL
FERR B, POk, g, BlRTHL, Zo
I L, R, B TIX DIx3 OFERE KR
WXV ERBRBAERENLZ LI N6,
SO/ ORAEE AL THIES S B
RERTTHDZENDr> TS, Zh
O OB E TORBLE DIx3 Mk
DIWBETEDLHIIEELTEX=0n, £
D XD 720 TS B AT R BL A2 FIHEIC L T2
DIZEEND T2 0121% ., DIx3 O %8 B ik
BEHADZENMETHD, LLERBLE
I T OB R TR BT EIHERE O
IR L, ZETICHEHRMICATDH
DIx3 122\ T ORI DO 2E 81T
EAEL)o T,

3. WDk

AR TIE SRR FHE - T REWHE
@D DIx3-4 7 TG AKX —D TN\ —HLF
ZHNWT, XM AA T+ —~T 4 7 Afif
iz X 0 HEE U 72 AR R 2217 cis-element
EF—TICHEAEREBEALCET—7 %
RS- oY —2 L2 TOEF—7
WZOWTHERIL, ME T AV =y
7 = 0 ARMNTIC K0 2 ORBREF R O RS
AT 9, ZOFEBRIZ LY KRR 7o s
BHIEZRE L TWAEF— 7 ZEET D,
Z O—#HOFERFEFRIZ L o THER 72
cisrelement 28 F D X 912 L CTHr LUWERE

% FFO cisrelement ~ & L L 7= DA &
BFEHICH LT 5 Z E R TE 5,
BARPZIE, T ) DT K D EEE
cisrelement THIVE & BEREAR R L 2 R
WCEDARBEPAC 7 n—2%2HWE2 bT
VAV =y o AT E IS L, DIx3
DA, M., KFE D cis-element ZE T
B, EHIT, WEED1OFEDHRTHRT v
AV x=y < RAEERTE S Tol2 k
TUARE=AEZHOTZH LW R T o RAY
=y /< AMEREEZ B TEX DT,
A B OBFFEFTHE TIX Z v % DIx3 O
cis-element #REMHTICIC T 5 Z & THE
TOMREY BH DL ENPFFTE D,

4. WFIERR

TN —EMERS 2 A NT 7 M
HWT, T AV 2=y I~ A% Tol2
F T ARY VAT A K DHIIREEA
IECERL, AFEn-~ T X 2RI L., Fl
R ORBEIT 2 ZNENIT -T2, T ORER.
(1) SRR ELAL G & 23 ZAES
[37-2 OIEPEZHH 5 Hl X DIx B85 KF 234G
ETHEINITHDL LR L, 20T
FINHEALBIZ I, W' AAVITE
TRWEEhDZ EZRL, EHIZEDHE
INVERNE N T LAY 22y VAT
SR LIz & 2 A, a 7RSI OEGMEIC
Hrb T, R TORBUEMIIARTM 2
TWieho e ZERH LN (K1),
F 72 Dixd Bis 10— REEKIC AR
WCEAOERBER S (K2), Dix4 &
[BRFITRBERICEE R EE 2RO LB X
Hil. BBRESOT-DOERIKELTH T
EE 260 b, L EIX Journal of
Experimental Zoology Part B: Molecular and
Developmental Evolution &2 ¥ &£ L 7=
(Sumiyama et al. 2012),

Platypus 137-2 435bp

Mouse 137-2 245bp
A B

X1 FBERBED 372 — TS
WCIEMERH D, BT AT OEFITHRE I
U = AT

nnnnnnnnnnnnnnnnnnn




X2 Dlx4d BEREFOHRATRKAAL TR
FINl-HRBEERT I ) BEXR,

(2) MEB XOFIRBIEEE >V R
BEA I37-1 T RERENE L, WESLERD
FLJR X 0 EMNLIRT, T A 7 Vv & D4
BICECMAE, —oaT7idssgter Ay Y
T AEA DO N —IEE N T RAY
T IR UATHRZE Z A, MR
BRI BBERZF- 2 & bn
ST, EALFER RN HIEER L EA LR
7= ERAFRCS T o D BMP P o ARLS)
FEF—7 GGCTCCAGCTAGTCTG |Z /R S8 B %38
AL T VAV 2=y IR ATIE, 20O
TR AR AT 5 B2 R O R ISR W R B ME S 52 2
WZRbh Tz, w7 AHFK 137-1 BdFlic s
WT b B ELRTE BUP G A EESE T — 7
DRIFFNETCOEREZR D Z ENRREN
TW2 (K3) Z&nb, ZOTEF—T7Rna
7 a Nl o T EEY CTHTZ I U
RLEUEREBECTH AR EREOL I
ol i) A b —U =2 5
o7 (M4), BRI HOWCBTERER
AERRHFTH D,

2.2kb Gmom 2.2kb-mutated

v
137-1 137-3 jmm | 1371 137-3

B

X 3 RIFOaTEAF|TEH D BMP K isE T —
XN ORBUCMETH D,

Hypothetical model of Dix cis-element 137-1 evolution

= °

amphioxus mouse

Acquisition of limb
(ID) expression

BMP signal

limb specific TFs
o i@
“Dixgene
BMP signal

. NPB specific TFs

BMP signal

st —

X4 o H—ii{kL DIx3-4 EE T
co—option OHELET L,

(3) ABFFECTHENL LT — iR
WamHT 52 LT, AXDERDFRIK

DENH—fET 2 EFH L LT
(Moriyama et al. 2012),

(4) AWFFETHeSL LT- = o —fRbT
WEEHTsZLET, V=T H L AD T
AR v HRES DA & L H L L TT
-7 (Smith et al. 2012),

(5) ABFZETHESL LTmm oo~ — T
WEISHTHZ LT, b MERT N
— B R OBEREMAT 21TV, kD e MFHME
FLEF] HACNS1T OEALEEIZ DWW T OFmEIC
BEEQRFFZINZ 5 Z & N T & 7= (Sumiyama
and Saitou 2011),

5. FisEdin L%
(WFFeiRFE . WFZEsHE R OV EERF 22 512
X THR)

UdERSRmsC) (FF 11 1F)
@D Kenta Sumiyama, Tsutomu Miyake, Jane
Grimwood, Andrew Stuart, Mark Dickson,
Jeremy Schmutz, Frank H. Ruddle, Richard
M. Myers, and Chris T. Amemiya
“Theria—specific homeodomain and
cis—regulatory element evolution of the
D1x3-4 bigene cluster in 12 different
mammalian species.”
Journal of Experimental Zoology Part B:
Molecular and Developmental Evolution
(2012) 318 (8), 639-650.
DOI: 10.1002/jez.b. 22469 A Ht

@ Yuuta Moriyama, Toru Kawanishi, Ryohei
Nakamura, Tatsuya  Tsukahara, Kenta
Sumiyama, Maximiliano L. Suster, Koichi
Kawakami, Atsushi Toyoda, Asao Fujiyama,
Yuuri VYasuoka, VYusuke Nagao, Etsuko
Sawatari, Atsushi Shimizu, Yuko Wakamatsu,
Masahiko Hibi, Masanori Taira, Masataka
Okabe, Kiyoshi Naruse, Hisashi Hashimoto,
Atsuko Shimada, and Hiroyuki Takeda.
“The Medaka zicl/zic4 Mutant Provides
Molecular Insights into Teleost Caudal Fin
Evolution.”

Current Biology (2012) 22(7), 601-607.
doi: 10.1016/j. cub. 2012. 01. 063. A=

@ Jeramiah J. Smith, Kenta Sumiyama and
Chris T. Amemivya.

“A living fossil in the genome of a living
fossil: Harbinger transposons 1in the
coelacanth genome”

Molecular Biology and Evolution (2012)
29(3), 985-993

doi: 10.1093/molbev/msr267. wIAH



@ Kenta Sumiyama and Naruya Saitou.
“Loss—of—-function mutation in a repressor
module of human-specifically activated
enhancer HACNS1.”

Molecular Biology and Evolution (2011)
28(11), 3005-3007

doi: 10.1093/molbev/msr231. &FiH

(Fa¥ER) G131h)
@D Kenta Sumiyama “Evolution  of
Cis—regulatory Elements in the Vertebrate
Dlx Bigene Cluster System” Symposium of
Genomic Conservation and Diversity of
Organisms Beyond the NGS time of Life
Science”, 2011 4 12 H 10 H, Tainan,
Taiwan.
@ Kenta  Sumiyama  “Theria-specific
evolution in both coding and noncoding
region of the DI1x4 gene.” Annual Meeting
for the Society for Molecular Biology and
Evolution (SMBE 2011), 201147 A 27 H, IX
#B
® Kenta Sumiyama “Functional evaluation
of cis—regulatory elements and their
evolution in the vertebrate D1x3-7 bigene
cluster.” NAIST Global COE International
Symposium 2010: Plasticity in Development
and Evolution, 20104F 11 A 11 H, &B

(XE) G2
O MR, JIIEWE— <series ETT /v

BRI~ =27 V> EWBEREE T L L
LW Y =2 UH—=FY— HE6H #H
LWATE T2 F4H b7 AKRY
VERMol BLVWEHERNT AV =y
7~ v ZE#E pp.656-658 (2011) =
e T A o —
(Zoft)
R R

e iR — b—2 (BFENERHET)
http://sayer. lab. nig. ac. jp/” sumiyama/

6. HFFTHEARR

(D) WFgefizs

BRI R (SUMIVAMA KENTA)

ENLBAZ PRI - SEFEEF R - BhE
MIEEEZ S 00370114

(2) gy
L

(3) M IEH

L



